This study aimed to evaluate the impacts of 21-gene recurrence score (RS) and St. Gallen International Expert Consensus on treatment decision and prognosis of patients with invasive breast cancer. We retrospectively analyzed the therapy protocol and outcome of 134 cases based on age, body mass index (BMI), menopause, pathological types, tumor-node-metastasis (TNM) stages, percentage of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor 2 (HER2), Ki-67, molecular subtype, and tumor biomarkers. RS was calculated based on 21-gene assay following traditional (old RS cutoff) and updated (new RS cutoff) National Comprehensive Cancer Network (NCCN) guideline. In addition, we also compared treatment protocol of NCCN guidelines with St. Gallen International Expert Consensus. The results showed that BMI, PR, Ki-67, and molecular subtype are critical for the evaluation of risk factors. Based on the new cutoff, low, middle, and high RS were 18%, 66%, and 16%, respectively. In contrast, based on the old cutoff, low, middle, and high RS were 60%, 29%, and 11%, respectively. The agreement rate of NCCN guidelines and St. Gallen International Expert Consensus for adjuvant treatment was 50. However, there is minimal agreement (0.151, 0.071) in kappa coefficient of old and new cutoff. This study revealed that the combination of NCCN guidelines and St. Gallen International Expert Consensus might improve the benefits of adjuvant treatment in patients with early invasive breast cancer.
Introduction
Breast cancer is one of the most common types of cancer in women. 1 The risk factors for breast cancer include genetic mutations, diet, reproductive history, and advancing age. 2 Treatment for breast cancer includes surgery, chemotherapy, and radiation; the choice of treatment depend on the stage of the cancer and age of the patients. 3 In addition, the patients who are estrogen receptor (ER)-positive, human epidermal growth factor receptor type 2(HER2)-negative, and axillary lymph node (LN)negative (ER+/HER2−/LN−) require hormone therapy, 4 which is an adjuvant therapy based on ER and HER2 expression levels. 5, 6 Currently, the benefits of chemotherapy and endocrine therapy depend on the recurrence score (RS) based on the 21-gene assay. 7, 8 This include 16 specific genes and 5 reference genes detected by reversetranscriptase polymerase chain reaction (RT-PCR) method. Gene expression analysis also determine the benefits of hormone therapy and chemotherapy, as well as the 10-year risk of distant metastasis in patients with invasive breast cancer (ER+/HER2−/LN−). 9, 10 National Comprehensive Cancer Network (NCCN) guidelines released the first version for breast cancer RS; the RS for low, middle, and high risk of recurrence were ≤17, 18-30, ≥31, respectively in 2017. 11 In this study, we considered the 2017 version of NCCN guidelines as the old criteria. In late 2018, NCCN updated guidelines. 12 According to this new criteria, the RS for low, middle, and high risk of recurrence were ≤10, 11-25, ≥26, respectively. These different cutoff values have affected the therapeutic benefits provided the NCCN guidelines.
In addition to NCCN guidelines, some institutes use St. Gallen International Expert Consensus 13, 14 to decide the therapeutic strategy for patients with breast cancer. The comparative advantages and disadvantage of NCCN guidelines and St. Gallen International Expert Consensus for the treatment of patients with breast cancer patients remain unknown.
Here, we retrospectively reviewed the records of the patients in our hospital from January, 2015 to December, 2018. We compared the treatment benefits of the old and new RS cutoffs for patients with breast cancer patients. Additionally, we also calculated the agreement rate of NCCN guidelines and St. Gallen International Expert Consensus.
cyclin B1,MYBL2, stromolysin 3, cathepsin L2, GBR7,HER2, GSTM1, CD68, BAG1, ER, PR, BCL2, SCUBE2, β-actin, GAPDH, RPLPO, GUS, and TFRC expression were determined. 7 Total RNA was extracted from breast cancer samples and RT-PCR was performed. Ct value in 21 genes was recorded among 15-35 cycles. Ct values in five internal control genes were averaged, then delta Ct between single gene and internal control were changed into RS (0-100). ER, GSTM1, and BAG1 are good prognosis markers. Their high expressions resulted in low RS. In contrast, Ki-67, HER2, survivin, and CD68 group are bad prognosis genes; these high gene expression may lead to high RS. The patients received endocrine therapy alone or chemoendocrine therapy based on their RS. A low RS was below ≤17 (old RS cutoff) or ≤10 (new version RS cutoff). Midrange RS was 18-30 (old RS cutoff) or 11-25 (new RS cutoff). A high RS was ≥ 31(old RS cutoff) or ≥ 26 (new cutoff). If RS is low, the patients only received endocrine therapy. Patients with midrange RS received endocrine therapy only or chemoendocrine therapy, as these patients did not benefit from chemotherapy alone. In contrast, patients with high RS received chemoendocrine therapy. However, these patients required chemotherapy as they may relapse in a short time. The primary endpoints of this study were the survival of patients with invasive cancer. The second endpoints were the absence of relapse and metastasis. This study was approved by our hospital ethical committees. All patients provided informed consent.
Calculation of St. Gallen International Expert Consensus
RS ranges from 1 to 100; a lower score indicated that the risk of relapse is minimal and the patients have low benefit from chemotherapy. We also set up the kappa coefficient as minimal, weak, moderate, strong, and almost perfect, as shown in Table 1 . 21-gene assay was performed according to NCCN guidelines. It also was confirmed by American Society of Clinical Oncology (ASCO) and St. Gallen International Expert Consensus, which not only provided the relapse risk of within and beyond 5 years, but also predicted the benefits of chemotherapy or endocrine therapy in ER-positive patients with invasive breast cancer.
Statistical analysis
Chi-squared or Fisher's extract tests were used to determine the relationship between the histologic subtypes, patient demographics, clinic-pathological characteristics, and treatment. Continuous variables were compared using ANOVA test. Cohen's Kappa setting is between 0 and 1. 0.1-0.20 is slight agreement. Statistical analyses were performed using SPSS software version22. P-values <0.05 were considered statistically.
Results

Clinical characteristics
Overall, 134 patients were enrolled in the study. Compared with old RS cutoff, when the new RS cutoff was used the number of low risk patients dramatic decreased from 80 (60%) to 24 (18%), the middle-risk patients increased from 39 (29%) to 89 (66%), and the high-risk patients are slightly increased from 15 (11%) to 21 (16%) (Figure 1 ). In addition, body mass index (BMI) and tissue differentiation stage showed significant difference in the new RS cutoff. We also found that PR and Ki-67 showed robust changes among low-, middle-, and high-risk groups in either old or new cutoffs.
Luminal A and luminal B1 were tremendous elevation in middle-risk group. In contrast, there were no dramatic differences in age, menopause, pathology, tumor location, ER, and HER2 in either new or old RS cutoff ( Table 2 ). These data indicated that different RS cutoffs may have a critical clinical significance in predicting prognosis and guiding therapy.
Comparison of agreement rate between St. Gallen International Expert Consensus and NCCN guidelines
To address the agreement rate of St. Gallen International Expert Consensus and NCCN guidelines, we evaluated the respective treatment protocol based on their RS. As shown in Table 3 , 40 patients underwent endocrine therapy and 27 patients underwent for chemoendocrine therapy. The total match rate in St. Gallen International Expert Consensus and NCCN guidelines for adjuvant treatment was 50% (67/134). In contrast, uncertain rate in middle RS is 0%. These data showed that NCCN guideline and St. Gallen consensus were useful for therapy-related decisions in patients with early invasive breast cancer.
The match rate of kappa coefficient in old and new RS cutoff
To investigate the match rate of kappa coefficient in old and new RS cutoff in St. Gallen International Expert Consensus, we counted the match rate, and found it to be 44% (59/134); the kappa coefficient was 0.151 (minimal agreement) in old RS cutoff (Table 4 ). We also calculated kappa coefficient in the new RS cutoff (Table 5); we found that the agreement rate was 35% (47/134) and kappa coefficient was 0.071 (minimal agreement). These studies demonstrated that St. Gallen International Expert Consensus is also key indicator for breast cancer therapy.
Discussion
Here, we evaluated the impacts of RS based on 21-gene assay and St. Gallen International Expert Consensus on the treatment decision for patients with the early-stage invasive breast cancer. We also compared the benefits of 21-gene RS 14 The application of these guidelines has been shown to provide treatment benefits in terms of recurrence-free and overall survival. 15, 16 However, different guidelines have some advantages and disadvantages. 14 Among four guidelines, NCCN and St. Gallen International Expert Consensus specially focused on how to define and treat patients at high-risk of developing breast cancer. 11, 17, 18 Therefore, the comparison of different guidelines may improve the therapeutic benefit and prognosis of patients with the early-stage breast cancer. In addition, biomarker assay and clinic-pathologic profiles also help to clarify the treatment strategy and prognosis. Our results showed the impacts of PR, Ki-67, luminal A subtype, and luminal B1 subtype in low-, middle-, and high-risk groups had a significantly varied based on old and new RS cutoff criteria. Tissue differentiation stages and BMI changed dramatically based on different RS cutoff criteria. These results indicated that different RS cutoff criteria have impacted on the treatment decision. Chen et al. 19 reported that the 21-gene RS can affect chemotherapy decision in patients with invasive ductal carcinoma of the breast. Varga et al. 20 also showed that different risk stratification has an impacted on the clinical choice. Our findings are consistent with those of these previous reports. NCCN guidelines and St. Gallen International Expert Consensus may be beneficial for treatment-related decision in patients with early-stage breast cancer. 14 [21] [22] [23] St. Gallen International Expert Consensus also has great benefits for treatment-related decision in patients with cancer. 24 Our study confirmed these advantages for treatment-related decision in patients with early-stage invasive breast cancer.
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